INTRODUCTION {#sec1-1}
============

*Plasmodium* vivax infection has been considered for a long time a benign and self-limited disease. Nevertheless, *P.* vivax is responsible for 70-390 million infections each year, and outside of the African continents vivax malaria accounts for more than 50% of all malaria cases, yet the morbidity associated with this infection and its spectrum of disease is less studied.\[[@ref1]\] Historically, cases of complicated *P.* vivax malaria have been rare and documented almost exclusively by case reports or small case series. Recent evidence from larger studies performed in Melanesian populations has however, reinforced the association between vivax malaria, severe complications, and death.\[[@ref2][@ref3][@ref4]\] Increasing resistance to chloroquine and commonly used antimalarials in *P.* vivax parasites and the recent reports of involvement of this species in complicated malaria suggests the need for further research in vivax malaria. Taking this background, we planned a study in a tertiary care center in Kolkata from June 2011 to March 2012 to note the clinical and laboratory profile of patients admitted with severe vivax malaria along with its complications and outcome.

MATERIALS AND METHODS {#sec1-2}
=====================

A prospective study was planned from June 2011 to March 2012 in a tertiary care center in Kolkata. Patients willing to give consent, older than 12 years of age and of either sex, with the peripheral smear positive for *P.* vivax were included in the study. All *P.* vivax cases enrolled in the study underwent OptiMAL malarial antigen test to rule out falciparum-vivax co-infection (mixed malaria). Other important causes of febrile illness were excluded as appropriate. During the study period, a total of 900 cases of vivax malaria were encountered out of which 200 showed features of severe malaria. Severe malaria was diagnosed as per the guidelines of World Health Organization (WHO).\[[@ref5]\] Detailed history and the clinical examination was noted. Routine hematological and biochemical investigations were carried out as per treating physician\'s decision. Severe vivax malaria was treated with artemisinin based combination therapy as per hospital policy along with other supportive measures. Patients were followed-up until discharge or death. Complications such as anemia, hypoglycemia, convulsion, renal failure, jaundice, and circulatory collapse were treated appropriately. The patients who recovered and those who expired were grouped. They were also grouped under single and multiple complications (MC).

The study was approved by hospital ethics committee and the information obtained from this study were tabulated in a master chart and then analyzed to obtain measurable data. Percentages were calculated for a number of patients in different groups to convey appropriate statistical information.

RESULTS {#sec1-3}
=======

Out of 900 admissions of vivax malaria, 200 patients of severe malaria according to WHO 2000 definition were recruited in the study. The fever before admission was continuous in 54% of the cases, intermittent in 38% cases, and remittent in the remaining 8%. Most of the patients (78%) had presented with acute illness of 2-7 days duration of fever, 18% the fever was of 8-14 days duration and 4% it was \>14 days. A large number of patients (132) presented with history of jaundice (66%). Fifty six percent of the patients presented with impaired consciousness. In 22%, the presenting feature was delirium and 34% presented with unconsciousness. Generalized convulsions were seen in 28 (14%) patients as the presenting symptom associated with altered sensorium. History of dark colored urine with oliguria was noted in 30% of cases. Diarrhea (6-8 times/day) with diffuse abdominal pain was the presenting symptom in 4% of the patients, although, bleeding tendency was seen in 4 cases who had purpura. Sixty six percent of the patients had clinically recognizable icterus. Hepatomegaly was found in 64% of the patients. Splenomegaly was found in 84% of the patients. Four patients had purpuric eruptions.

Moderate to severe anemia was seen in 46% of severe vivax malaria patients among whom 20% required blood transfusion. 20% had leukocytosis and 6% had leucopenia on admission. Thrombocytopenia (platelet count \<100,000/cmm) was found in 60 patients (30%) among whom severe thrombocytopenia was noted in 12% \[[Table 1](#T1){ref-type="table"}\]. However, bleeding manifestations occurred in only four patients. A total of 132 patients (66%) had serum total bilirubin level of \>3 mg/dl, the highest being 31.2 mg/dl. Serum alaline aminotransaminase (ALT) level was increased \>3 fold (120 IU/l) in 48 patients (24%), whereas 76 patients (38%) had aspartate aminotransaminase (AST) level more than 3 times the upper normal limit. A raised serum creatinine (\>1.5 mg/dl) was seen in 72 patients (36%) \[[Table 2](#T2){ref-type="table"}\].
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Hematological parameters of the patients
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Laboratory parameters of the patients
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There were 108 (54%) patients with the single complication (SC) and 92 (46%) patients with MC. Patients with SC had jaundice (48.1%) followed by cerebral malaria (25.9%), severe anemia (11.11%), renal failure (7.4%), and acute respiratory distress syndrome (ARDS) (3.7%) \[[Table 3](#T3){ref-type="table"}\]. The MC were found in various combinations and majority (*n* = 44, 47.8%) had constellation of two different complications. Renal failure with jaundice (12/44, 27%) was the most common combination. Regardless of the number of complications, jaundice was present in 86.9% (80 of 92) patients with MC. Cerebral malaria was present in 34% (68 of 200) patients alone or in combination, whereas jaundice alone or in combination was found in 66% of the patients (132 of 200). The mortality rate of patients with SC and MC was 7.4% and 34.8% (*P* \< 0.05). The overall mortality was 20% \[[Table 4](#T4){ref-type="table"}\]. We analyzed the 40 cases of malaria deaths. Most of them were symptomatic for \>6 days before coming to us. Details of treatment before hospitalization were not available in the majority of cases.
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Single complication in severe vivax malaria

![](TP-3-53-g003)

###### 

Multiple complications in severe vivax malaria
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There is significant linear correlation between mortality and number of complications. The mortality rose from 7.4% to 66.7% when compared patients with single and MC (up to 4). Among patients with SC, the mortality was 100% in patients with respiratory distress and 14.2% in cerebral malaria. However, there were no deaths in patients with jaundice, renal failure, anemia, and hypoglycemia. Among patients with MC, the mortality was high when the combination of jaundice and renal failure was present (20 of 40, 50%).

DISCUSSION {#sec1-4}
==========

In the past few years, many cases of severe vivax malaria were seen and some cases resulted in death. The reported severe manifestations in vivax malaria include cerebral malaria,\[[@ref6]\] hepatic dysfunction,\[[@ref7][@ref8]\] renal dysfunction,\[[@ref9][@ref10]\] severe anemia,\[[@ref7][@ref8]\] ARDS, and multiple organ involvement. Hence, this study was carried out to find out various complications of vivax malaria and their effects on outcome. The exact causes of changes in the clinical profile of vivax malaria are uncertain and may include genetic alterations of the parasite or change in vector and its biting habits or drug resistance.

Previously, it was thought that the severe disease with vivax infection is actually caused by co-infection of vivax and falciparum species. However, with application of the recently developed tests of malarial antigen it has become evident that vivax monoinfection can be a cause of severe malaria. In 2009 Kochar *et al*. reported a series of severe vivax malaria from Bikaner. They used antigen and polymerase chain reaction (PCR).test to exclude the falciparum co-infection.\[[@ref11]\] The mechanisms of organ involvement in vivax malaria are controversial. Evidences\[[@ref1][@ref12][@ref13]\] suggest that probable role of inflammatory and immunological response in the pathophysiology of severe vivax malaria.

In our study, complications seen in vivax malaria were cerebral malaria, hyperbilirubinemia, anemia, thrombocytopenia acute renal failure (ARF) and ARDS. The complications of vivax malaria observed by Sharma *et al*. in a study from Delhi\[[@ref14]\] were thrombocytopenia, hepatic dysfunction, renal failure, ARDS, and hemolysis. Tjitra *et al*.\[[@ref3]\] found anemia, ARDS, cerebral malaria as chief complications of vivax malaria in Papua, Indonesia. Severe anemia and respiratory distress were also noted as complications of vivax malaria by Genton *et al*.\[[@ref4]\] The incidence of severe disease among inpatients of vivax malaria in our study (22.2%) was a bit higher as compared to that found by other studies, probably biased by the fact the hospital is a tertiary care center.

Out of the 200 patients, 60% had jaundice alone or in combination with other complications. Jaundice may be a combination of prehepatic (due to hemolysis), hepatic and cholestatic components. Hepatic dysfunction due to microvascular sequestration of parasitized red cells causes significant rises in serum bilirubin concentration, mild elevations of AST and ALT and prolongation of prothrombin time.\[[@ref15]\] Close to half of patients with cerebral malaria had jaundice in this study. Although consciousness was impaired in almost 56% of cases in this study, only 34% had cerebral malaria as per WHO definition. History of convulsion was present in 14% of the patients. Seizures are attributed to various factors such as hyperpyrexia, lactic acidosis, hypoglycemia etc., Limaye *et al*. found 12 cases of cerebral involvement due to vivax malaria in their study.\[[@ref16]\]

Moderate to severe anemia was noted in 46% patients, 20% needed a blood transfusion. Severe anemia occurs in vivax malaria due to recurrent bouts of hemolysis of predominantly uninfected erythrocytes with increased fragility.\[[@ref12]\] The incidence of anemia was 86.4% in Bikaner study and 54% in another study.\[[@ref11]\] Recurrent infections due to treatment failure and relapse from the liver stages result in up to 80% of patients having recurrent malaria within 4 weeks\[[@ref17][@ref18]\] and provide a plausible explanation for our observations that almost 6% of patients hospitalized with *P.* vivax have severe anemia.

Sixty percent of the patients were found to have thrombocytopenia. In 12%, the thrombocytopenia was severe. Bleeding due to thrombocytopenia was seen in the form of epistaxis, petechiae, ecchymoses, and hematuria. The platelet count increased with the treatment of malaria. Immune mediated lysis is the major mechanism of thrombocytopenia in malaria.\[[@ref19]\] Thrombocytopenia was more common in severe vivax malaria as compared to falciparum malaria in a recent hospital-based study by Nadkar *et al*.\[[@ref20]\] Studies have demonstrated that acquired storage pool deficiency of platelet could be induced by circulating platelet antibodies. Damaged platelets may release adenosine diphosphate from their granules and then circulate as exhausted platelets.\[[@ref19]\] Thrombocytopenia is also caused by increased splenic platelet clearance.

Awareness of the unrecognized presentations of complicated vivax malaria such as hepatic dysfunction jaundice and renal failure is needed among primary care physicians. Routinely, jaundiced patients with altered consciousness and a short history are considered to have viral hepatitis rather than malarial hepatitis. This can be a fatal error in terms of prompt institution of appropriate therapy. There was a significant association of ARF with rising bilirubin levels. This elevation of bilirubin was typically an increase in conjugated bilirubin. The concomitant renal failure may contribute to the elevated conjugated hyperbilirubinemia by virtue of decreased excretion of conjugated bilirubin. Hepatic dysfunction was the most common complication seen in severe vivax malaria in the study in Bikaner followed by renal failure.\[[@ref16]\]

We have found only four patients with ARDS. Nadkar *et al*. study had 8 patients with vivax malaria with ARDS, out of which 5 succumbed to death.\[[@ref20]\] In African children with *Plasmodium falciparum*, respiratory distress is associated with metabolic acidosis and/or concurrent pneumonia.\[[@ref21][@ref22]\] However, the etiology of *P. vivax*-associated respiratory distress in Asia is unknown and will require detailed clinical studies to determine the relative contributions of acute lung injury, possible pulmonary parasite sequestration, acidosis, and co-infections.\[[@ref23]\]

Mortality increased with an increasing number of complications. The mortality was 7.4% among patients with SC and 34.8% among patients with MC. ARDS was the most serious complication associated with mortality. Anemia, jaundice, and hypoglycemia were less severe forms of complications. The combination of cerebral malaria, jaundice, renal failure and anemia was more fatal. Hence, not only the number of but also the type of complication influenced the outcome of complicated malaria, which is similar to sepsis with the multiple organ dysfunction.

Forty patients died and the cause of death may be secondary to multi organ dysfunction secondary to different cytokines and other tissue factors. Once the complications develop removal of parasites could not reverse the organ damage and hence the mortality. Therefore, in addition to antimalarial drugs, organ support is mandatory in the management of severe malaria.

The results of this study are notable for various reasons. We demonstrated that the increasing number of patients has been afflicted with MC. Although *P. vivax* malaria is widely considered benign, recent studies have demonstrated that it accounts for a substantial proportion of hospitalized malaria patients in agreement with our study.

CONCLUSIONS {#sec1-5}
===========

Patients of vivax malaria should be monitored for occurrence of different complications as their early detection and the treatment or referral to higher center can be life-saving. The mortality in vivax malaria increases with increasing age. Thrombocytopenia is very common in severe vivax infection. Renal, hepatic, lung, and cerebral involvement are occurring with increasing frequency. In this hospital based study, the incidence of various complications may be higher than the incidence in the community; and is a limitation of the study. Severe vivax malaria is a relatively new clinical entity and further studies from different parts of India are needed to decipher the underlying pathogenesis of severe disease, and the degree to which it is related to the emergence of multidrug resistant strains of *P. vivax*.
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